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Zusammenfassung von J P2001 284453 
PROBLEM TO BE SOLVED: To provide a 
method for forming a low dielectric barrier with a 
superior diffusion characteristic for copper and 
adhesion, on a copper conductor. SOLUTION: A 
method comprises; 1) preparing a substrate 
having a copper conductor, 2) putting a metal 
alloy film including phosphor or boron as a 
protective layer, on the copper conductor, 3) 
carrying out the first annealing process to diffuse 
a metal alloy including phosphor or boron into 2-4 
atom layers at least, on the top of the copper 
conductor, then 4) putting a dielectric film with 
low dielectric constant on the metal alloy film 
including phosphor or boron, and 5) carrying out 
the second annealing process. The obtained 
structure has a double layer barrier which 
includes the metal alloy film including phosphor 
or boron on the copper conductor and the 
dielectric material film on the metal alloy film, and 
shows superior barrier and adhesive 
characteristics for the copper conductor. 
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mkh LX , ff«S«Of^«#:^ TJg 5 2 fc *> fc 
<iffl§tL-&„ ffiSS^O^^-y7*S5 2{i:, Co-W- 

i/iJiKJES'tt-f^-y -x-yf-y^ (rie) coxh 

01tC^$il.TV^m2^mil5O{i:, K-fT 

2 2 *3 iyf hu-yf- 2 4 0)fc#x7) 2m?~?i'-yim* 
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7 7-f 5 2{iR I EX h yTk LT^fflSti 
S„ RIE^h77I5 2Jx 7 

fy/LTI2W- h^>~?-2 4fcS*f-&B!P£#> 

[oo39]B2(i msMMts xxmn/vj r&mtz 

il&8 0 0A<O^S9-f^JBS'^tf''^Urii3 6*«^yn 
1 2 ±K##$tiT i k tfftfrZ, . <XV 

?'(i-3 6±i,zmzm2oooA nmmtk 3 8 to^f -y 

*tf*3;lva*4. #»$-lt-l»*im»^S d r^-/T«4 
4tt. «§300A~500Ai0Co-W-P®47t{i 

K» *£5 0 0A^S i COHffikfMfr«5 2j&*ttii 

3*1-0*4. siMss^*j|«rt-ifctf> % r-f^> 

HaWS*<7)JI 54^SiCOHf5 2±KW«§*fe. 
[0 04 0] H3*J«tV4fc:. H2^L^ffijtHMU 
Tf^SIMS/7D7bJff. 03fcJ:t/4(C 

^-r t *5 o „ mw!wrtis*fcjps*>r*»3 o o a?>c 
o - w- p * jttic o - s n - p&mmn ivmz 5 o 

OAOS i COHMftfSfttl, ^JKJlOflJIS- 

«-fcjjo s i coHjf<orta^^oaac*fflaiw-4/s* 

4 4cr>mfflt5 iy'TJC^Ci if* «J , Jf 4 4 
'J?%< b tKSX^^-^I^TtS iCOH152 

[004 1] B5ti. HJfcSiS , *$r*JteA:7 4/l>.A 
SrfiJffl t-£*|-£-<y}£B##:k S i Nf^mfltJf^fg^JfifO 

tmizft < z b im^ixx^h . sate*** 

(4. Co-W-Pftl, Co-Sn-P|*lJffcJ;tXiS^ 
X7 (HDP) f*«(fc!fc£«ffl-$-4 £ k K i o 
05<^K»^Lfc**3*3fciU MPax 
m»/*£J|MjJk LT*$ixO*l>. 
[0042] «lhfc:||WWt«$-*fe^-v -yTJIfcitr 

s i coHsiwMra^rr* 2*1^^ -v-rvmmwMk 
o*sa^S6fc^-r. «jts i - s i o 2 /^-r^« 

/Cu (2 00 OA) m-?2>6y-yy°;]s*mmLtz<, 
Ztit><m-y7Mz. Co-w-p, Co-P4?tiic 
o-Sn-Pfc*&W!W>->SUi. ^CCii^wtyT 
/P£*y-/W;:A*U 5 0 0 Ac7)S i COHg$m$m£^ 



KgfcT— — /l-U W) crry-yTMZ-o^XteS i COH 

mnmmzm o a&T--;p tfc . la 6 iss tytnawi . 
c o -w- Pimt^^mm^^tH't^ t **B^t 

O^S». 

[0043] Co-W-P7-C7WAS:fl|fl]S^V-f^ 
1/— j/3ySriffl^.-S/iy>. H6^L^ V7^?:S I 
MS^«ffcJ:oT§^(C|««Lfc. SIMSf-^ll 

[0044] Co-W-PrtJl^ffiffl-rSiktCioT 
S i C OHf$«frc7)C u A^)|»*S|fcLfc.^-i i fcaj^ttt 
W&—9iflB6Gm-ZtiX^i. SiCOHimikmcD 

m^mma. mmfowmizMKimmmzx&mXk 

ftik*^*»-53fe. ftt>&V4£5mu Co-W-P** 
X(fT3 5 0°C. ^-&< k 1 2«f^r--;P^IUfef 

-r*^*>s i coH-itwiw^wwiircwaiit 

fcSi * . Ciixtc^f t . S i C O HfrtWftfc: 

[0045] *«W<0*Bi*^ri£*J iU'iO^tc j: o 
TJg)SLfegfiS:UUi<OiiHJi5 J; 1 ~ 6 vmtfm 

?-WHzmmLte. s i coH%bco&kmmtm<7)w. 
mmmizmiz>%mmm£.&j:vmmtK sicohcd 

4Hfc*W-S««*f^<^v^k. fcit/s i coH*i^ 

^mn^wk^mi. 2S»/<ur. Mitfcu/c 

o-W-P/SiCOH, Cu/Co-Sn-P/Si 
COHSrfiJfflLT. 3 8 0 < Ct2»SiaT--;Hiti 

> - coiloSMc k if 4 S J: o (c^S . 
[0046] *IWH*«S«fcK^Lfcji(«. WflUtJIJ 

[0047] $-i>fc. *F4Uvf«Kiai9B«fcWLr* 

£ k**-C# Si k 

[0048]4k^ktT, *%HJc7)fl|^PUTJ^T 

[0049] ( i ) mmwuz 2 mmmm&< vtz 
*^mmmfrmmmm-&fmb. mmm 
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^Kpia. 3S7ctt#Hm4'T^< k t> 3 o o-cos^t 

Mi-rigwfc. may vafctttf^afcsrAiteA? 

#HS5.tf-c^< fc t> i mt. ^5r< t b 3 o owm 

( 2 ) nw*±tc2«Wffi»«tfc''«ur*»jiW-ft±iE 
( l ) £fEtt?)#are£>-?T. mffimi^MRrn-fex 

t>K 'j>-%<ti>3 2 sw&mx^K k t> i mmmm 

( 3 ) mmtkJiiz 2 nmm%n&rt y r jjs 

( i ) iztmmwx'h-ox. mz±mm&z:xfmsm 
m*w#jii£ft*§*u imsmmttcrtmz. 4 o o 

( 1 ) fclB»<0*«-C*-3T. WiEU>4/£li7|?^**- 

(6) «ffiW*c±fc2M4Sa«tty'tUr*»jaW4JJB 

( i > iz§m<7)jjmx'$>~ox . mmm>foy 
7°7x^it¥mmw&iz£^xmmv>&tz\i**7m& 

( 7 ) mu*±£2WM6a?m&*vT£j8m-&±3g l 
< i ) ci eno^rsTj) o t . luiem i & «* t/sg 2 <ojn 

(8) mmfi±£2wwBmn&vjT*xmrh±s& 
< 1 ) izMmw£X'hix . mzv>ttiiz**7m& 

G^G&y 4 >uj*ztt%z-£&m&me>mz. mis 

mmzm>iz*&ts-%m„ 

( 9 ) mm±jz2mmffim i &^)Tzwm-&±m 
< 1 ) izimn-firnxfo-ix , fffisyy^ii*^^ 

*fi»&&:7 ;UA#M e - X - P £ £ JiM e - X - B 

(10) «WWfel:fc:2aiHa8Wtt''?UT*»JS-r4± 
IB ( 1 ) KI««jatftoT> SICIiUIl* 

(id m»w^z2nmmm&^)T*mm- &± 



ie (9) tca**)^-?*-^ iraEu^ifcii*^* 

tt&m-&&7 A M e £ii$8 6*»%~*>79 0 

(12) «a»k±t2 WHS»WttAUT*»l«W*± 
IE ( 1 ) (cKatftfrSrcfcoT. tf»3-tt>fcffilE8«tt 

(13) mmfa±iz 2 smmm&^ y T*Bf&~t&±. 

IE ( 1 ) fcia»<0*tfe'C*-5T, WE »J 

7 -f )VA Z®5 0 A-H&3 0 0 AcomZ iZ 

(14) IIW*±fc:2WHfiSWttAyr*»^i± 
IE ( l ) (clB««*ST'S>oT. IffiyyiJfciitf?* 
#W^«^7>r;UA*^5 0A— *!j3 0 0A. #?£L 
<I4»1 0 0A-H»2 0 0A<OffStef»S-fr*S»* 

( 1 5) imwLt(c2SinaMitt/<uT»»ri»-«± 
ie ( i ) izimcojrmx-h-ox. wia^h, 

K££tf. &igi&7 0' > C>Hi$8 0 < C. pHffii|$8~i&9 

(16) i#ft±{:2MffiitttA'U 7^«tl»± 
IE ( 1 ) {clBil<0*ftTJbo-C. IJIEm 1 wMftrn-b 
X2r. ^3 5 0 ,> C~*tl4 0 0'C<7)iajg-C*t;0 . 5BSffl~ 

2 ^ransfit- & mm £ § 6 

(17) 2 »i t£t8Htt^' y rttwrn-hk. 

IE ( 1 ) tlE«o^-CS)oT. mrlEi^mft^ 

(is) <mm±s,z 2 mmmmi&< y r£»r §± 

IE ( 1 ) tlE««0^f*)oT. BulEI^«*7^;PA$r 
Wl OOA~*&5 0 0A<OJiSfcf«hlfS-li:*gW*S4> 

d9) ffi#tt0i(c2M«mitt/N'>; T*im*h±. 

IE ( 1 ) KIE^O^T&^T. H>rlEMm^7 
*«J10 0A^5 0 0A, ISF4L<{i*>;2 5 0A~*«73 
5 0 A0JP§ jgW* § ostium. 

(20) «g^*±t: 2 iiiiittA' <j r s± 

IE ( 1 ) fciE«<0*ife'C*or, KflEm2Wjtg»^n-fe: 
*«J3 5 0°C-*«|4 0 0°CCO&mx*® 1 »9RK«5 

(21) mmte±.iz2mmffimi£^JTZ&m-&± 

IE (9) (caE«<0*aT*or. «nEMeA*Co*3ttt 

(22) . WIE^JR# 
fti^'J 4frJ»b. MIE 
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ft , ±12 ( 2 2 ) &£ttO¥*fMf&fr . 

(24) mz&mmfotfm^ists. ±m ( 2 2 ) fcie» 

(25) «E>J ^ 4fct4*'>3B*WAH^3& t . Me- 
P. Me-B, Me-X-Pt^liMe-X-B^^ 
£27c£*;y:37C-&&-e£>9. Me#C oifcliN i N 
X&S i . WifcliS nT*4, ±12 ( 2 2 ) izWfon 

(26) mieu y * fcfct* «> i o 

A~^l 0 0 0Acf)JS[$^#*§ix/-Me-P s Me- 
Me-X-P4fc{2Me-X-Ba»£j££27c4*: 
tt37C-^T*0. Me#C oiftliN i . X#S i . 
W4ftl4Snt*4, ±12 ( 2 2 ) ^IE»^^l*fllJi 

(27) fflBU y #4 L 
<li»5 0 A~i& 2 0 0 AcOJPS fcffctSjfifcM e - 
P. Me-B, Me-X-P4fclAMe-X-B*w5>j£ 
l.27c4/c:J437C^T-#>D. Me**C o4fc{iN i . 
XifiS i , W47tl4S nT*i, ±£(22) fcUttcO 

( 2 8 ) fney >- 4 . mmm 

^StutMe-P , Me-B, Me-X-P4fc|±Me 
-X-B*»^4 27C*fctt37C^C*0. Me#*C 
o4it«N i , X#S i , WJitttSntftS, ±12 
(22) ££»£>33MM(fiftfle. 

(29) tfflESWWfi^ttiWMs^SHTC**, ±12 

(22) iz§m<7)*mimmft. 

(30) tnSBmtm^S i % C. O s Nfc±l^H^ 

tf . ±12 ( 2 2 ) fci2ao¥*Sttfl§jttt. 

(3D mmmMnw. si, c, o, nj3£vh& 

7frt>mSlZix. %)1 0A~^5 0 00A<^J|[§^#* 

§*u> , ±12 ( 2 2 ) izMzm^^mtmmfc* 

(32) MEMHfW. 1 0 0 A~ift 5 0 0 AcOJ* 
5£f*«3:hJfcS i . C s O. Ni3j:tfH£-trt?. ±12 
(22) fcf2«cD¥#flcf?S}t#;. 

(33) ffl£¥&ttfll y'Jay, y a y ■ y,i 
-r-^A, y'jay • :*y • 4yya.\s—?i*,zxfij\) 

vj> ■ t**»^i$4^p-r3&»i5>aKs*i/saHK±fc» 

J&SJUk ±12 ( 2 2 ) iZsSMcO^mmmfc. 



[ 0 1 J H 2 <7) 2 S^V y- y ( damascene ) tffik&M 

±.mzB& § 2 sr-? y- >mm. t txmm*±tz 

[023 «HBIc±fc:#j«3*ifc 2 SffiHK^ U T/ig* 

[03] < 'J 7S$§fcflBt# <ryjm<r> 2 

*yffc?>ltii+£>S!3 7X'fo 
ic7)MT14. Co-W-P7-<;^]|^300 
ATab 0 . *±ISPK S 1 C O HOffikt^m? 4 

[ 04 ] ^wsko^jia v rmm^co^mtmco 2 

#>*0>aii!t+*>S3 tzm-&tftff&*jjk'?7'7 yx-h 
h» ZOmX'lZ, Co SnP7^A<9J5§#3 0 0A 

* 0 , *±^s i coH&k^mf*? nv&nmzifi 

5 00kX"foh» Z<D&m&&7 >fA-A{i:3 5 0*CT2 

£3tf ftg-ffcy V^y-yj )VJ±<7>fflM&SLVmkl,ztt 
[06] SiCOH/7>ft^)2tiA'iJ7-7r 

10 2«^v^-yffiS^«it 

12 

14 r^T-^f^a 
i6 mRco±m 

18 S1^«*J1 

20 BWflcfBsaai^p 

2 2 >MT 
24 hUyf- 

30 m^wmmtv^iv 
32 A>rr 

34 huyf- 

36 yj-f (A'Ur) Jf 

3 8 (flRMc) 

4 0 M^y^JRc^±ffi 

4 4 <y:TJi 

5 0 ^2i0^«^« 

5 2 8WflpSf^r-y7"Ji 
5 4 ^^EyHtUWMI 
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[HI] [03] 




800 A 
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[04] 



SICOH 



2 

it 




[05] 





Mi>axm w 


Cu/Si3N4 

70GAPECVL>fiHfc*>'J 3> 


0.29 ± 0.01 
(3751CC10 1M 0 JUft C:0.23±O.Ot) 


Cu/CoWP/Si3N4 

70QA P£CV»mit*s*) "5 V 


0.27 i 0.01 
(373*0 1?10 ^;U*(z0.2a±0.01) 


cu/siam 

Cu0HiHf0Ui 

700A HDPafr^>'J=l^ 


0.43 ± 0.02 
<375<fcTMQ *<< ^^«|r0.4S±0.01) 


Cu/CoWP/3i3N4 
CoWPfl>Htt*y£ 

700A HDPm<1r t *,*)^ls 


> D.6 


CtfC©5nP/Si3N4 


> 0.6 


Cu/T1/Si3N4 
HDP»bi>y =a> 


0.47 ± 0.02 


CiVliVSi3N4 
HDP»bv>Jzi> 


0.31 ± 0.01 



(fL 2) )0 1 
[06] 
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MPaxm 1/2 


1 


300A CoWP±I^SiCOH 
(T--JU*Ua SICOH) 


K ■ 0.33 ± 0.04 


2 


50QA CoWP±|ZSiCOH 
(T— — SiCOH) 


K - 0.42 ± 0.04 


3 


30QA CoSnP±(2SiCOH 
(T~—)l>*km SiCOH) 


K = 0.20 ± 0.01 


i ' 4 


500A CoSnP_h(^SICOH 
(7 jL~)l>tQJ& SiCOH) 


K = 0.23 ± 0.03 


6 


300A coPJtrzsicoH 

<7--;H&31 SiCOH) 


k < ai6 


6 


500A CoP±|ZSICOH 
(7~—)l4m SiCOH) 


K - 0.21 ± 0.01 | 



it : 1 I*. CoWP#*a*J*tfSiCOH«3H*l=T--^Lfc 



(51) Int. CI. 7 i^W 
C 2 2 F 1/00 6 6 0 



(72) f|HJ# ?yxh7r--y>-*X 

#fr >yr?— • -9- • y a- ^ry^A 
x ■ u—y 7 

T* U^^H06811 3*f*7hfflt 
x • n- p 51 

T* 'J#-£*[H06470 nW7h!fH- 
x. — ?*yy tf-y^X- t/W o-K 
100 



F I 

H 0 1 L 21/88 
21/90 



(##) 



M 
K 



TA U^? -^1110520 ^o.-3-?<>N7 

4 

(72) wm ■ tr-py 

T^U^-^1110705 

ytf— X a-?- ■ T^-j-- 55 

(72) fpg* irwcx • r/i-^g^y 

T;*l)#-£*|1|10598 ^a-3-?!W3 
-VV^y ■ >\A V u—^i — ■ a—b 
2075 

(72)^* >?g > ■ X>f • y 4 

T^U^-^IH12603 ^ A -3-^#f^ 
^T^- XX-lt'j.- ■ H9-f X 51 

(72)ffcB## ^ --ry • xa • y->y 

T^U^-^«ni0562 ^A-3-?'JN;t 
y^y^ ^-y^vr-y H • o-F 22 



